This paper is a brief report of an undergraduate course in the history of physiology. A specific area, the development of the concepts of the cardiovascular system, was examined chronologically through primary readings and laboratory exercises. As an unusual approach to a frequently ignored but important subject, it may be of interest to those concerned with teaching the history of science.
A new seminar course entitled "Models of the Heart: Aristotle to Starling" was first offered in Yale College during the fall of 1977. The course, focusing primarily on the development of cardiovascular physiology, was conceived as a thematic approach to the history of general physiology. In this paper we will discuss the aims, structure, and content of the seminar, focusing on those aspects which would be most useful for others interested in this approach to teaching the history of science.
The combination of at least three factors contributed to the exceptional nature of the course: the instructors working in collaboration were a medical scientist and a medical historian; since only elementary biology was required, the students were a mix of science and non-science majors; and, most important, the seminar incorporated extensive readings drawn from primary sources with three laboratory exercises based on those readings.
Our emphasis in the formulation of the course outline, and concomitantly in the choice of readings, was on primary sources. Rather than concentrate on interpretive works, we thought it best to examine in some depth representative major works from each period.I Since historical anthologies of cardiovascular literature were either incomplete or out of print [1] , the needed materials were drawn from the vast resources of the Historical Library at the Yale University School of Medicine, duplicated, and then made available to members of the seminar.
An unusual facet of our approach was the incorporation of three laboratory exercises in a history course. At the beginning of the course the students were asked what they could infer about the function of the heart and blood by observing "readily observable phenomena." For example, what is the correlation, if any, between the pulse and respiration? Or, how is this relationship affected by exercise? The laboratory demanded an enforced naivete, so that the human body could be approached as a sort of "black box," whose inner workings are unknown and must be inferred from external observation. This approach simulates both the type of speculation and the stricture of method (generally, only surface examination of the body was allowed) common in ancient natural philosophy's descriptions of the human body [2] . The practical exercise was followed by readings from Aristotle [3] , Hippocrates [4] and Galen [5] , along with two secondary articles on Hellenistic and Roman physiology [6, 7] .
These primary readings also served as the "lab manuals" in the second laboratory session: the dissection of the calf heart. A detailed discussion guide was prepared with frequent references to the treatise On the heart from the Hippocratic corpus [4] , Aristotle's Parts of animals [3] , and Galen's On the usefulness of the parts [5] . Our students tried to reconcile the Aristotelian teaching of the three-chambered heart with their own observations, and it was thought that this may have arisen from viewing the right atrium not as a separate chamber but rather as a local enlargement of the vena cava [8] . The students also probed for channels traversing the interventricular septum which were described by Galen [9] and drawn fifteen hundred years later by Leonardo da Vinci [10] ; the intertrabecular pits on the septal wall of the right ventricle were seen as possible rationalizations for this notion. Finally, valvular anatomy as described in On the heart [4] was explored and the contrasting views of Galen and Erasistratus, a fourth century B.C. Alexandrian anatomist, on the leakiness of the valves were tested directly by running water through the various openings in the intact heart and observing the patterns of flow. As an assignment each student prepared an outline of the Galenic vascular system and compared it to modern circulatory theory. Some students felt that as a result of this laboratory they not only learned the anatomy of the heart, which was needed for most of the subsequent readings, but also a new respect for the origins of what they had formerly viewed as archaic and implausible theories.
Increased anatomical investigation in the period after Galen to Vesalius and the Paduan school of anatomy in the late sixteenth century required modifications in Galenic cardiovascular physiology. The Lavoisier's next concern was the identification of the site of combustion in the organism. Noting the common observation that blood changes color during its passage through the lungs, he hypothesized that the lungs might be the locus of combustion, although he remained unconvinced of this point [20] . At any rate he recognized the lung as the site of gas exchange, where blood combines with oxygen and gives off "fixed air." For the first time, the blood, gas exchange, and combustion were explicitly linked.
To understand the treatise the reader need carefully consider the details of Lavoisier's calorimeter. This in turn raises questions about its precision and about other sources of experimental error, many of which were recognized and discussed by the authors themselves. But more important, in the comparison of the heat produced by burning a lump of coal, and that produced by a living guinea pig, the directness of Lavoisier's extrapolation from chemical concepts became apparent. Both the power and the limitations of this approach were explored in the seminar discussion [21, 22, 23] .
In the nineteenth century the biological sciences flourished. The sheer numbers and the sophisticated technical nature of many investigations necessitated a very selective approach. In the cardiovascular field two divergent paths emerged: electrophysiology and mechanics/hemodynamics. Both possessed scientific as well as clinical importance. The development of electrocardiography in the late nineteenth century, for example, testifies vividly to the clinical value of electrical studies. However, we chose to focus on the mechanical aspects of the heart and blood vessels for two reasons: the scientific principles involved were easier to understand, thereby allowing concentration on historical concepts such as the emerging preoccupation with regulation. Also, these aspects represented a direct continuation of the work previously discussed, making an integrated approach easier. Clearly, however, a focus on electrophysiology represented an alternative which might be fruitfully explored. Later, about the turn of the century, Starling became more concerned with the heart itself. He extended Otto Frank's original observation on skeletal muscle to formulate the length-tension relation for cardiac muscle: as the heart is further expanded by the inflow of blood, the force of contraction increases up to a maximum, after which there is a rapid decrease in contractile force. His experimental elegance lay largely in his perfection of the isolated heart-lung preparation. This sophistication of technique was marred, however, by his over-emphasis on the lengthtension relation in determining the response to such complex phenomena as exercise. 3 Discussion centered on the importance of methods in limiting the range of applicability of a given finding: had Starling, by using an isolated heart and lung, lost information about central and humoral factors while simplifying his experimental conditions? With the modern profusion of isolated experimental systems, where conditions can be rigidly controlled, the awareness of these inherent limitations must be recognized as central to the interpretation of data.
Our final session was a break from historical questions. Dr. Richard W. Tsien, Yale Department of Physiology, was invited to lecture on his recent work on cyclic nucleotides (intracellular mediators of hormone action) and their relation to contraction in the heart [28] . This presentation illustrated the contemporary concern with cellular mechanisms of regulation.
Student responses to detailed evaluation forms of the seminar contained numerous helpful comments. In response to a question asking what they had learned from the course, several students claimed they had gained a sense for the process of the evolution of concepts in biology in general. A major difficulty encountered, especially at the outset by some of the students, was their inability to discard their assumptions, ingrained by years of education, long enough to give serious consideration to "primitive ideas." However, not only did they gain an appreciation of these ideas, but also for the process of development which led to modern ideas: the role of observation and experimentation in the development of a scientific theory is one example. While there is much room for improvement in the course, the experience confirmed our conviction that the seminar/ laboratory approach can and does convey insight and perspective into the development of modern science.
3A deficiency which he largely corrected shortly before his death. Starling EH: On the circulatory changes associated with exercise. Journ Roy Army Med Corps 34:258-272, 1920.
